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(54) Minicord cable apparatus having high modulus buffered optical fiber and method for making 

(57) Embodiments of the invention include an opti- 
cal fiber minicord cable and a communication system 
employing the minicord cable. The optical fiber minicord 
cable (20) includes a buffered optical fiber (32) having a 
first strength layer (34) formed around the buffered opti- 
cal fiber, a first fire resistant jacket (36) formed around 
the first strength layer, a second strength layer (42) 
formed around the first fire resistant jacket, and a sec- 
ond fire resistant (44) jacket formed around the second 
strength layer. The first and/or second fire resistant jack- 
ets are made of afluoropolymer such as poly(vinylidene 
fluoride) (PVDF) or polyvinyl chloride) (PVC), including 
PVDF Solef® 32008 and low smoke polyvinyl chloride) 
(LSPVC) Apex® 910. The first and/or second strength 
layers are made of, for example, polyaramid yarns such 
as Kelvar® and Nomex®. The buffered optical fibers 
typically have conventional structure, with the buffer 
region made of a suitable material such as nylon (for 
example, Huls 1670 Nylon), polyolefin, poly(vinylidene 
fluoride) (PVDF), polyvinyl chloride) (PVC), or polyes- 
ter. The optical fiber minicord cable is a plenum-rated, 
high modulus apparatus that also provides sufficient 
optical transmission properties. Alternatively, embodi- 
ments of the invention include a method of making a 
plenum-rated, high modulus optical fiber minicord cable. 
The method includes the steps of providing a buffered 
optical fiber, forming a first strength layer around the 
buffered optical fiber, forming a first fire resistant jacket 
around the first strength layer, forming a second 
strength layer around the first fire resistant jacket, and 
forming a second fire resistant jacket around the second 
strength layer. 
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Description 

Background of the invention 

5 1- Fieid of the Invention 

[0001] The invention relates to optical fiber cables. More particularly, the invention relates to plenum-rated optical 
fiber cables having high modulus buffered optical fibers. 

10 2. Description of the Related Art 

[0002] Optical energy transmission media such as optical fibers increasingly are being used not only for long haul 
transmission applications between communications networks but also for local area distribution within individual net- 
works. Accordingly, more and more optical fiber cables are distributed throughout buildings. For example, optical fibers 
15 including buffered optical fibers are used in riser cables, which are used to interconnect cables entering building equip- 
ment rooms to wiring closets on upper floors. Also, buffered optical fibers are used in plenum space that extends from 
the riser closets on the floor to satellite closets. 

[0003] in commercial buildings, the space between a finished (or drop) ceiling and the structure from which it is sus- 
pended often is used as a return-air plenum for the building heating and cooling systems. Also, the space conveniently 

20 is used for housing communication cables distributed throughout the building. However, because of fire hazards, such 
cables typically must satisfy various safety requirements to reduce the possibility of fire spreading through the plenum 
along the cables. Typically, the cables must be tested and approved by an authority such as the Underwriters 1 Labora- 
tories. For example, the cables must pass the fire test known as UL91 0 (also known as the Steiner Tunnel test). Cables 
meeting such approval are said to be plenum rated. 

25 [0004] Although many conventional optical fiber cables are plenum-rated, most of them exhibit shortcomings in 
other areas. For example, many conventional plenum-rated buffered optical fibers and optical fiber cables have poor 
optical or mechanical properties. For example, many conventional plenum-rated optical fibers do not have suitable 
mechanical strength to prevent unacceptable levels of microbending loss in during optical transmission. The mechani- 
cal strength of an optical fiber or optical fiber cable is characterized in terms of its modulus or modulus of elasticity, 

30 which refers to the relative stiffness or softness of a material. Besides unsatisfactory mechanical properties, many con- 
ventional plenum-rated optical fibers are difficult to strip away a portion thereof and thus are ill suited for terminating to 
various standardized connectors, such as the LC® connector or the ST® connector. 

[0005] Accordingly, it is desirable to have available a high modulus buffered optical fiber or optical fiber cable appa- 
ratus that is plenum-rated. 

35 

Summary of the Invention 

[0006] The invention is as defined by the claims. Embodiments of the invention include an optical fiber minicord 
cable apparatus and a communication system employing the minicord cable apparatus. The system includes a source 

40 of optical energy, an optical fiber minicord cable coupled to the source for transmitting optical energy from the source, 
and an optical receiver or detector coupled to the minicord cable for receiving optical energy from the source. The opti- 
cal fiber minicord cable includes a buffered optical fiber having a first strength layer formed around the buffered optical 
fiber, a first fire resistant jacket formed around the first strength layer, a second strength layer formed around the first 
fire resistant jacket, and a second fire resistant jacket formed around the second strength layer. The first and/or second 

45 fire resistant jackets are made of afluoropolymersuch as poly(vinylidene fluoride) (PVDF) or polyvinyl chloride) (PVC). 
For example, fluoropolymers such as PVDF Solef® 32008 and low smoke polyvinyl chloride) (LSPVC) Apex® 910 are 
useful materials for the fire resistant jackets. The first and/or second strength layers are made of, for example, polyara- 
mid yarns such as Kevlar® and Nomex®. The buffered optical fibers, which have a conventional or other suitable struc- 
ture, comprise a core region, a cladding region formed around the core region, a coating region formed on the cladding 

so region and a buffer region formed on the coating region. The buffer region is made of a material such as nylon (for 
example, Huls 1670 Nylon), polyolefin, poiy(vinylidene fluoride) (PVDF), polyvinyl chloride) (PVC), or polyester. 
[0007] Alternatively, embodiments of the invention include a method of making a high modulus, plenum-rated buff- 
ered optical fiber minicord cable. The method includes the steps of providing a buffered optical fiber, forming a first 
strength layer around the buffered optical fiber, forming a first fire resistant jacket around the first strength layer, forming 

55 a second strength layer around the first fire resistant jacket, and forming a second fire resistant jacket around the sec- 
ond strength layer. The buffered optical fiber typically has a conventional arrangement comprising a core region, a clad- 
ding region, a coating region and a buffer region. The buffer region is made of a suitable material such as nylon (for 
example, Huls 1670 Nylon), polyolefin, poly(vinylidene fluoride)(PVDF), polyvinyl chloride) (PVC), or polyester. The 
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strength layers are made of, for example, polyaramid yarns such as Kevlar and Nomex. The first and second fire resist- 
ant jackets are made of a fluoropolymer such as poly(vinylidene fluoride) (PVDF) or polyvinyl chloride) (PVC), includ- 
ing, for example, PVDF Solef® 32008 and low smoke polyvinyl chloride) (LSPVC) Apex® 910. 

5 Brief Description of the Drawings 
[0008] In the drawings: 

Fig. 1 is a simplified block diagram of an optical communications system according to embodiments of the inven- 
io tion; 

Fig. 2 is a cross-sectional view of a plenum-rated, high modulus buffered optical fiber according to an embodiment 
of the invention; 

Fig. 3 is a cross-sectional view of a plenum-rated, high modulus buffered optical fiber according to another embod- 
iment of the invention; and 

15 Fig. 4 is a simplified block diagram of a method for making an optical fiber minicord cable according to embodi- 

ments of the invention. 

Detailed Description 

20 [0009] In the following description like components are referred to by like reference numerals to enhance the under- 
standing of the invention through the description of the drawings. 

[0010] Although specific features, configurations and arrangements are discussed hereinbelow, it should be under- 
stood that such is done for illustrative purposes only. A person skilled in the relevant art will recognize that other steps, 
configurations and arrangements are useful without departing from the spirit and scope of the invention. 

25 [0011] Referring now to Fig. 1, a simplified block diagram 10 of an optical communications system according to 
embodiments of the invention is shown. The optical communications system 10 includes one or more optical sources 
12 coupled, for example, in a conventional manner, to one or more plenum-rated, high modulus optical fiber minicord 
cables 14 having one or more buffered optical fibers. For purposes of discussion herein, modulus refers to modulus of 
elasticity or elastic modulus, and thus is concerned with the relative stiffness or softness of the optical fiber minicord 

30 cable 14. The optical fiber minicord cables 14 are configured in accordance with embodiments of the invention, for 
example, as will be discussed hereinbelow. That is, the buffered optical fibers within the minicord cables 14 are plenum- 
rated and have a sufficiently high modulus for adequate mechanical strength. The optical fiber cables 14 are coupled 
to one or more optical detectors or receivers 1 6, for example, in a conventional manner. 

[0012] Conventionally, an optical energy transmission medium such as an optical fiber within an optical fiber cable 
35 includes a glass core region surrounded by a glass cladding region having an index of refraction lower than that of the 
core region, and one or more protective coating layers. Although the diameter of the core region may vary (approxi- 
mately 5-1 0 microns for single mode, and approximately 50-62.5 microns for multimode), the total diameter of the clad- 
ding region surrounding the core region typically is approximately 125 microns (ujn). The optical fiber cladding region 
typically is covered, for protection and strength, with one or more coating region layers, resulting in a total outer diam- 
40 eter of approximately 250 ujti to 1 000 urn. 

[0013] The optical fiber typically is formed from a glass preform containing a core rod inside of a cladding rod. The 
preform generally is suspended vertically and moved into a furnace at a controlled rate. The preform rod softens in the 
furnace and optical fiber is drawn from the molten end of the preform rod by a capstan located at the base of a draw 
tower. One or more coating layers, which typically are made of thermoplastics or liquid applied curable plastic resins, 
45 are applied to the fiber immediately after the optical fiber is drawn and prior to contact between the fiber and any other 
surface. The coating layers are cured into a protective coating region, for example, by exposure to ultraviolet (UV) radi- 
ation. 

[0014] Buffered optical fibers include a buffer region formed around the coating layers. The buffer region includes 
one or more layers of thermoplastic material such as nylon (for example, nylon 12 or Huls 1670 nylon), polyolefin, 

so poly(vinylidene fluoride) (PVDF) or other fluoropolymer, polyvinyl chloride) (PVC), or polyester. The buffer region 
includes, for example, a single layer or, alternatively, an inner buffer layer formed around the outer coating of the optical 
fiber and an outer buffer layer formed around the inner buffer layer. Typically, an extruder extrudes the one or more 
buffer region layers around the coated optical fiber. The inner buffer layer often has a lower modulus than the outer 
buffer layer to promote the ability to strip ail or a portion of the buffer region from the coated optical fiber, for example, 

55 to connect the end of the optical fiber to a connector such as an LC® or ST® connector. 

[0015] Referring now to Fig. 2, shown is a plenum-rated, high modulus minicord cable 20 according to embodi- 
ments of the invention. Although the minicord cable 20 is shown having only one buffered optical fiber (shown generally 
as 32) therein, other embodiments (including the embodiment shown in Fig. 3 and discussed hereinbelow) include 
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arrangements wherein a plurality of buffered optical fibers are maintained therein. 

[0016] In conventional arrangements, the buffered optical fiber 32 comprises a core region 22, a cladding region 
24, a coating region 26 and a buffer region 28. Buffer regions made of, for example, nylon 12 (that is, Huls 1670) often 
provide adequate mechanical strength and are suitable for terminating connectors thereto. However, because such 

5 buffer regions offer poor fire resistance, optical fibers having such buffer region often fail standard fire tests (for exam- 
ple, UL910). Conventional arrangements using other buffer region materials such as PVDF offer improved fire resist- 
ance but demonstrate unsatisfactory mechanical strength and optical signal transmission properties. 
[0017] Because of these shortcomings, conventional arrangements evolved into minicord arrangements. Minicord 
arrangements typically comprise a conventional buffered optical fiber (for example, buffered optical fiber 32) having a 

io strength layer 34 formed around the buffer region 28 and a protective jacket or layer 36 formed around the strength layer 
34. A conventional minicord arrangement of this kind is denoted in the figure generally by the reference character 38. 
[0018] Typically, a minicord 38 has an outer diameter within the range from approximately 1 .52 millimeters (mm) to 
approximately 1 .68 mm. Many conventional minicord designs provide a single fiber cable having an outer diameter of, 
for example, approximately 1.60 mm. Such a minicord cable meets a number of specifications, including several listed 

15 in, for example, Bellcore publication GR-409. 

[0019] The strength layer 34 is made of, for example, polyaramid yarns such as Kevlar® and Nomex®. The protec- 
tive jacket layer 36 is made of a fluoropolymer such as poly(vinylidene fluoride) (PVDF) or polyvinyl chloride) (PVC). 
However, despite the additional strength layer and the protective fire resistant layer, many conventional minicord 
arrangements with sufficient mechanical strength still fail to provide fire resistance sufficient to pass plenum rating fire 

20 tests. Similarly, many plenum-rated conventional minicord arrangements fail to have sufficient mechanical strength. 
[0020] According to embodiments of the invention, conventional minicord arrangements 38 are configured with an 
additional strength layer 42 and an additional protective jacket 44. The additional or second strength layer 42 is formed 
around the first protective jacket 36 and the additional or second protective jacket 44 is formed around the second 
strength layer 42. In this manner, optical fibers and/or optical fiber cables having the inventive arrangement provide suf- 

25 ficient fire resistance to pass standard fire tests and thus are plenum rated. Also, the inventive fibers provide sufficient 
mechanical strength due to the plurality of high modulus strength layers while also maintaining satisfactory transmission 
properties. 

[0021] More specifically, optical fibers according to embodiments of the invention have a second strength layer 42 
formed around the first protective jacket 36 and a second protective jacket formed around the second strength layer 42. 
30 The second strength layer 42 or region is made of, for example, polyaramid yarns such as Kevlar and Nomex, or other 
suitable high modulus materials and is in the form of a yarn or yarn layer. The second strength layer 42 has a thickness 
typically within the range from approximately 0.1 0 mm to approximately 0.25 mm. 

[0022] The second protective jacket 44 is made of, for example, a fluoropolymer such as poly(vinylidene fluoride) 
(PVDF) or poly(vinyl chloride) (PVC). Exemplary fluoropolymers include, for example, PVDF Solef® 32008 and low 
35 smoke polyvinyl chloride) (LSPVC) Apex® 910. The second protective jacket 44 has a thickness typically within the 
range from approximately 0.43 mm to approximately 0.68 mm. 

[0023] According to an embodiment of the invention, the buffered optical fiber 32 having a Huls 1670 Nylon buffer 
region 28 has formed therearound a first strength layer 34 made of polyaramid yarn, a first jacket layer 36 made of Apex 
91 0, a second strength layer 42 made of polyaramid yarn, and a second jacket layer 44 made of Solef 3200B. Alterna- 
te tively, both the first jacket 36 and the second jacket 44 are made of Solef 32008. 

[0024] Fig. 3 is a cross-sectional view of a plenum-rated optical fiber minicord cable 50 having a pair of high mod- 
ulus buffered optical fiber minicords 52, 54 therein. The minicords 52, 54 are similar in general structure to the minicord 
38 in Fig. 2. However, unlike the minicord in Fig. 2, which has its own second strength region 42 and jacket 44, embod- 
iments of the invention shown in Fig. 3 have a second strength region 56 formed around both minicords 52, 54 and a 
45 second jacket 58 formed around the second strength region 56. 

[0025] Although not shown, alternative embodiments of the invention include a minicord cable apparatus having 
more than two high modulus buffered optical fibers therein. 

EXAMPLE 1 

50 

[0026] The following example is for illustration purposes only and is not meant to be a limitation of embodiments of 
the invention. In this example, the UL910 fire test was performed on two minicord cables configured according to 
embodiments of the invention. The first minicord cable (CR01 888) included a buffer region made of nylon, a first jacket 
made of Apex 910 and a second jacket (thickness of 0.022 inch) made of Solef 32008. The second minicord cable 
55 (CR01 889) included a buffer region made of nylon, a first jacket made of Solef 32008 and a second jacket (thickness of 
0.022 inch) made of Solef 32008. 
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TABLE 1 



5 



10 







UL 910 Results 


CR# 


Test# 


Flame spread 


Peak OD 


Average OD 


CR01888 


1 


2ft 


0.07 


0.03 


2 


1 ft 


0.08 


0.03 


CR01889 


1 




0.06 


0.03 


2 


0.5 ft 


0.06 


0.03 



[0027] Typically, for UL91 0, the maximum allowable flame spread is 5 feet. Also, with respect to smoke optical den- 
15 sity, the maximum allowable peak OD for UL910 is 0.50 and the maximum allowable average OD 0.15. Based on the 
results shown in the table, both minicord examples exceeded the requirements of UL91 0 with respect to flame spread, 
peak smoke optical density and average smoke optical density. 

[0028] Referring now to Fig. 4, a block diagram of a method 60 for making an optical fiber minicord cable according 
to embodiments of the invention is shown. The method 60 includes a first step 62 of providing one or more buffered opti- 
20 cal fibers 32. As discussed hereinabove, the buffered optical fiber 32 includes an optical fiber with a core region, a clad- 
ding region, a coating region, and a buffer region. 

[0029] The next step 64 is to form a first strength layer 34 around the buffered optical fiber 32. For example, accord- 
ing to embodiments of the invention, the step 64 includes forming an polyaramid yarn layer around the buffered optical 
fiber 32. The first strength layer 34 is formed around the buffered optical fiber 32, for example, by a multiple aramid yarn 

25 payoff, a multiple aramid yarn helical server, or some other appropriate technique. 

[0030] The next step 66 is to form a first fire resistant jacket 36 around the first strength layer 34. According to 
embodiments of the invention, the first fire resistant jacket 36 is formed around the first strength layer 34 by an extruder 
or some other appropriate technique. As discussed previously herein, the first jacket 36 is made of, for example, a fluor- 
opolymer such as poly(vinylidene fluoride) (PVDF) or polyvinyl chloride) (PVC). More specifically, exemplary fluoropol- 

30 ymers include, for example, PVDF Solef® 32008 and low smoke polyvinyl chloride) (LSPVC) Apex® 910. 

[0031] The next step 68 is to form a second strength layer 42 around the first fire resistant jacket 36. According to 
embodiments of the invention, the step 68 includes forming an polyaramid yarn layer around the first fire resistant jacket 
36. The second strength layer 42 is formed around the first fire resistant jacket 36, for example, by a multiple aramid 
yarn payoff, a multiple aramid yarn helical server, or some other suitable technique. 

35 [0032] The next step 72 is to form a second fire resistant jacket 44 around the second strength layer 42. The second 
fire resistant jacket 44 is formed around the second strength layer 42 by an extruder or some other appropriate tech- 
nique. The second jacket 44 is made of, for example, any suitable fluoropolymers such as PVDF Solef® 32008 and low 
smoke polyvinyl chloride) (LSPVC) Apex® 91 0. 

[0033] It will be apparent to those skilled in the art that many changes and substitutions can be made to the embod- 
40 iments of the plenum-rated optical fiber minicord cables with high modulus buffered optical fibers described herein with- 
out departing from the spirit and scope of the invention as defined by the appended claims and their full scope of 
equivalents. 

Claims 

45 

1 . A medium (20) for transmitting optical energy within an optical communications system, comprising: 
a buffered optical fiber (32); 

a first strength layer (34) formed around the buffered optical fiber; and 
so a first fire resistant jacket (36) formed around the first strength layer, 

CHARACTERIZED IN THAT 

the medium includes a second strength layer (42) formed around the first fire resistant jacket, and a second fire 
resistant jacket (44) formed around the second strength layer. 

55 2. The medium as recited in claim 1 , wherein at least one of the fire resistant jackets is made of a material selected 
from the group consisting of Apex 910 poly(vinylidene fluoride) (PVDF) and Solef 32008 poly(vinylidene fluoride) 
(PVDF). 
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3. The medium as recited in claim 1 , wherein at least one of the first and second strength layers further comprises a 
polyaramid yarn layer. 

4. The medium as recited in claim 1 , wherein the buffered optical fiber further comprises an optical fiber having a core 
5 region, a cladding region formed around the core region, a coating region formed around the cladding region, and 

a buffer region formed around the coating region. 

5. The medium as recited in claim 4, wherein the buffer region includes a material selected from the group consisting 
of nylon, Huls 1670 Nylon, polyolefin, poly(vinylidene fluoride) (PVDF), polyvinyl chloride) (PVC), or polyester. 

10 

6. The medium as recited in claim 4, wherein the buffer region further comprises an inner buffer layer disposed formed 
around the cladding region and an outer buffer layer formed around the inner buffer layer, wherein the modulus of 
the inner buffer layer is less than that of the outer buffer layer, and wherein the inner buffer layer decreases the 
adhesion between the cladding region and the outer buffer layer. 

15 

7. An optical waveguide system (10) for transmitting optical energy, comprising: 

at least one source (12) of optical energy; 

at least one optical fiber minicord cable (14) coupled to the source for transmitting optical energy from the 
20 source, the optical fiber minicord cable including a buffered optical fiber (32) having a first strength layer (34) 

formed around the buffered optical fiber, and a first fire resistant jacket (36) formed around the first strength 
layer; and 

at least one receiver (16) coupled to the optical fiber minicord cable for receiving optical energy from the 
source, 

25 CHARACTERIZED IN THAT 

the optical fiber minicord cable includes a second strength layer (42) formed around the first fire resistant 
jacket, and a second fire resistant jacket (44) formed around the second strength layer. 

8. The system as recited in claim 7, wherein at least one of the fire resistant jackets is made of a material selected 
30 from the group consisting of Apex 910 poly(vinylidene fluoride) (PVDF) and Solef 32008 poly(vinylidene fluoride) 

(PVDF). 

9. The system as recited in claim 7, wherein at least one of the first and second strength layers further comprises a 
polyaramid yarn layer. 

35 

10. The system as recited in claim 7, wherein the buffered optical fiber further comprises an optical fiber having a core 
region, a cladding region formed around the core region, and a buffer region formed around the cladding region, 
and wherein the buffer region includes a material selected from the group consisting of nylon, Huls 1670 Nylon, 
polyolefin, poiy(vinylidene fluoride) (PVDF), polyvinyl chloride) (PVC), or polyester. 

40 
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